Among the mechanisms that influence herbivorous insects, fires, a very frequent historical phenomenon in the cerrado, appear to be an important modifying influence on lepidopteran communities. The purpose of this study was to compare the richness, abundance, frequency, and composition of species of caterpillars in two adjacent areas of cerrado sensu stricto, one recently burned and one unburned since 1994, on the experimental farm "FazendaÁgua Limpa" (FAL) (15
Introduction
Systems represented by the associations of plants and insects include more than one-half of the world's multicellular species. The impacts of disturbances, anthropogenic or otherwise, affect the characteristics of communities of herbivorous insects in any biome worldwide [1] . There is strong evidence that these disturbances result in complex changes in the interactions between plants and herbivores [2] . Fires affect communities of herbivorous insects and provide opportunities for changes in species richness, abundance and species composition in space and time [3] . Among herbivores, Lepidoptera can serve as good indicators of environmental changes caused by these disturbances in certain habitats [4] .
Fires in the cerrado are a natural phenomenon of recognized ecological importance [5] and occur during the dry season, from May to September [6, 7] . The effects of fire on the structure, composition and diversity of plants in the cerrado are far more extensively documented [8] [9] [10] [11] [12] than the effects on the fauna [13] [14] [15] . The knowledge of the effects of fire on insect herbivores and their natural enemies is even more limited [3, 16, 17] .
The general literature on the responses of insects to fire in comparison with the responses to other forms of management in open habitats indicates that a significant decrease of insects occurs soon after a fire. The magnitude of the decrease is related to the degree of exposure to flames and to the mobility of the insect [18] . In cerrado, a very rapid and vigorous regrowth of vegetation occurs [19] and this regrowth may favor an increase in the abundance of herbivores. The caterpillar community in the cerrado is species rich and the abundance of most species is low but is highly variable throughout the year [20, 21] , due primarily to the climate variability that characterizes the two seasons (dry and wet) in the region. This pattern has also been observed for herbivorous insects in New Guinea. It is characteristic of the herbivorous insect communities in general and is also Psyche typical of tropical regions [22] . Among the mechanisms that influence these herbivorous insect community patterns, fires, a very frequent historical phenomenon in the cerrado, appear to be an important modifying influence on lepidopteran communities.
The objective of this study was to compare the richness, relative abundance, frequency, and species composition of caterpillars between two cerrado areas, one recently burned and one unburned since 1994. The study hypotheses that the richness, relative abundance, frequency, and species composition of the caterpillars on the host plants vary between recently burned areas and areas without recent burning (used as a control). We predict that the abundance and species richness of caterpillars will increase significantly in a recently burned area as a result of the intense regrowth of vegetation in the postfire environment [19] . The postfire environment differs greatly from the prefire environment because of the higher phenological synchrony of plants and because of changes in microclimate result from to increased exposure to the sun.
Methodology
External folivorous caterpillars were surveyed on two plant species, Erythroxylum deciduum A. St.-Hil. and E. tortuosum Mart. (Erythroxylaceae), in two adjacent areas of cerrado sensu stricto, on the experimental farm "FazendaÁgua Limpa" (FAL) (15 • 55 S and 47
• 55 W), DF, Brazil. Both plant species were abundant and had similar size in the burned and unburned areas. This system, including only two plant species in the genus and their caterpillars, was chosen for study due to the need for simplification in the analysis and reduction of variables. This choice also reflected the ease of collection and identification and the prior knowledge of the system in the protected areas of the cerrado. The two plant species occur at high densities in the cerrado region and their lepidopteran fauna is known from previous studies in unburned areas [20, 23] . An accidental fire affected the entire area in 1994, and the area suffered another accidental fire in In both study areas (recently burned and control), external folivorous caterpillars were collected weekly from foliage of 50 individuals of each of the two species of plants. All caterpillars were collected, photographed, numbered as morphospecies, and individually reared in the laboratory in plastic pots (except for gregarious caterpillars), with leaves of the host plant as a food. The adults obtained from laboratory rearing were, as far as possible, identified and deposited in the Entomological Collection, Departamento de Zoologia, Universidade de Brasilia.
A binomial test of two proportions was applied with a significance level of 0.05 to evaluate the occurrence of a consistent difference in the proportion of plants with caterpillars (relative abundance and species richness) between the areas [24] . Species rarefaction curves were constructed to analyze the species richness of caterpillars in each area [25] . EcoSim 7.0 software was used to construct these curves based on 1000 replications [26] .
The Shannon-Wiener index (H ), Simpson index (D) and Berger-Parker index (D bp ) were used to compare the diversity and dominance of the community of caterpillars on Erythoxylum in the two study areas. The indices were obtained with DivEs 2.0 software [27] . The Jaccard similarity index was also applied to evaluate the degree of similarity of the species composition of two communities. If the Jaccard index is equal to one (B = 0 and C = 0), all species are shared between the two communities. If the Jaccard index is near 0, few if any species are shared.
Results
We inspected a total of 4,196 plants, with similar numbers in both areas (Table 1) . A total of 972 caterpillars were found on 13.3% of the plants inspected. The number of plants with caterpillars (frequency) differed significantly between areas (p1 = 0.11; p2 = 0.16; Z = −4.46; P < 0.001). The probability of finding a plant with a caterpillar in the control area (one out of nine plants inspected) was smaller than in the burned area (one to six plants). The relative abundance of caterpillars also differed significantly (p1 = 0.17, p2 = 0.30, Z = −9.69, P < 0.001) between areas. Almost twice as many caterpillars were found in the burned area as found in the control area (Table 1) .
Forty-seven species or morphospecies (hereafter treated as species) of caterpillars were recorded, belonging to at least 15 families (two species belonged to unidentified families). The burned area had 36 species, compared with 29 species in the control area (Table 1) . However, this difference in species richness between the areas was not significant (p1 = 0.08; p2 = 0.06; Z = 1.57; P > 0.05). Even after adjustment by the rarefaction method to a common basis of an equal number of caterpillars in both areas (n = 346) the species richness did not differ, and the estimated number of species varied between 24 and 32 (Table 2; Figure 1 ).
The value of dominance was higher in the burned area (34.5%) than in the control area (29.8%) ( Table 2) . Likewise, the dominance for the burned area, estimated by rarefaction, was between 31.2% and 37.9%, significantly higher than the value estimated for the control area on a common basis of 346 caterpillars in both areas (Table 2) . These results are Psyche 3 also consistent with the dominance index values D and D bp , which were higher in the burned area. The diversity index H was higher in the control area (Table 2 ). An unidentified species of Antaeotricha (Elachistidae) was dominant, with 29.7% and 34.5% of the individuals found in the control and burned areas, respectively. Ten species recorded in the control area showed intermediate dominance, between 1.2 and 7.5%, whereas six species showed intermediate dominance in the burned area, with values between 1.1 and 8.0%. The proportion of rare species, those represented by less than 1% of all caterpillars, was significantly higher (p1 = 0.55, p2 = 0.75, Z = −1.68, P < 0.05) in the burned area (n = 27) than in the control area (n = 16).
The similarity between the study areas was low (Sj = 0.38), even on a monthly basis, with January (Sj = 0.70) and June (Sj = 0.62) being the sole exceptions (Table 3) . Of the 47 species recorded, 38.3% (n = 18 species) were common to the two areas (Table 4) , and 25.5% of the species (n = 12) were restricted to the control area. The species restricted to the control area included the gregarious moth Hylesia shuessleri Strand, 1934 (Saturniidae) and the solitary Dalcerina tijucana (Schaus, 1892) (Dalceridae), both dietary generalists (Table 4) . Approximately 40% of the species (n = 18) were found only in the burned area. These species included Fregela semiluna (Walker, 1854) (Arctiidae), a generalist species, and Eloria subapicalis (Walker, 1855) (Noctuidae) a dietary specialist. The effects of the fire appear to be more evident for Limacodidae as five of the eight species of this family found in the survey occurred exclusively in the control area. Certain species, however, appear to benefit from the effects of fire, for example, three species of Noctuidae found exclusively in the burned area: Cydosia mimica (Walker, 1866), Cydosia punctistriga (Schauss, 1904) and Noctuidae sp. The five most abundant species (more than 15 individuals per area) were found in both areas and are apparently restricted to the Erythroxylaceae in the region (Table 4) .
No caterpillars were found on species of Erythroxylum until one month after the fire (Table 3) . However, the relative abundance of caterpillars was higher in the burned area in all of the following months. Until 12 months after the occurrence of the fire, the caterpillar relative abundance in the burned remained higher than the abundance found in the control area (Figure 2) . The temporal occupation of the species of Erythroxylum by caterpillars resulted in a pattern whose abundance and richness gradually increased with Psyche sampling effort and showed a greater increase during the dry season, specifically during May and June (Figure 2 ).
Discussion
The sporadic and accidental fires in restricted areas of the cerrado may act to renew the vegetation [19] , allowing the reoccupation of sites more rapidly by plant species. Several studies in tropical forests and in the cerrado have shown the importance of sprouting as a mechanism of postfire regeneration of shrub and tree species [28] [29] [30] [31] [32] . The new foliage that results from sprouting attracts a variety of herbivores.
In the cerrado, a low frequency of caterpillars on host plants is a common feature [20, [33] [34] [35] . However, recent fire in the cerrado study area produced as 4.7% increase in the frequency of caterpillars on plants of Erythroxylum. The reason for this increase may be that fire may benefit herbivores by increasing the availability of resources. This high availability of resources results from the regrowth of plants because many new leaves are synchronously produced.
Although species richness did not differ between areas, the higher dominance observed in the burned area suggests a higher diversity in the control area. The most interesting feature of this system is the increase of rare species in the burned area. This increase may result from intense regrowth, which may produce new oviposition sites and new environments for these species. At the same time, nearby areas were available to act as a source for re-colonization [17] . However, the rarefaction curves did not reach an asymptote. In fact, previous studies [23, 36] indicate that species caterpillars not found in our surveys occur on the two species of Erythroxylum that were examined. These additional species include Erynnis funeralis (Scudder & Burgess, 1870) (Hesperiidae), Phobetron hipparchia (Cramer, [1777]) (Limacodidae) and Automeris bilinea Walker, 1855 (Saturniidae). These species are all polyphagous and could be present on other species of host plants.
The variation in the abundance of insects in the cerrado occurs regardless of the passage of fire and remains seasonal [37] . However, the mortality caused by fire produces an immediate reduction in population size. Even, one month after the fire, caterpillars were not found on the plants surveyed. Moreover, the caterpillar abundance on both species of plants during all the subsequent months was higher in the area disturbed by the recent fire. Similar results have been found for adults of certain insect orders, such as Coleoptera, Hemiptera, Hymenoptera and Lepidoptera, in the cerrado of Brasilia [37] . The return to the previous levels of abundance depends on the order to which the insect belongs and ranges from two to more than thirteen months after the occurrence of the fire [3] . Up to 12 months after the occurrence of fire, the abundance of caterpillars associated with the Erythroxylum species studied here had not returned to a level comparable with that observed in the control area.
Research conducted in the same region with the community of caterpillars associated with Byrsonima (Malpighiaceae), showed that if the fire in the cerrado is recurrent every two years during the dry season, the results are quite different [38] from those previously discussed. In this case, the abundance and species richness of caterpillars in areas with frequent fires were markedly less than the abundance and species richness of caterpillars in areas protected from fire for more than 30 years. These results are consistent with other previous reports that fire reduces the populations of caterpillars [39] , and may cause local extinction of some species [40] . However, these results from areas with frequent fires are in contrast to the results found if the fires are accidental and sporadic, as in the case of this study.
Even with smaller losses than those caused by recurrent fires, the recent accidental fire dramatically increased the abundance of caterpillars and as result, the attacks on plants in the postfire period, just at the time at which most synchronous leaf production in the cerrado occurs. For this reason, this process may produce extensive damage to vegetation and may harm biodiversity conservation in the region. Furthermore, a scheme of recurrent burns during several years in the same area results in the biological and physicochemical degradation of the soil and thus in the reduction of aerial biomass [41] .
Although we did not replicate each treatment, our results reflect the effect of fire, as we have followed the changes in communities of caterpillars on various plant species for several years in protected areas from fire [21, 23, 38, 42] , and in addition, we have surveyed caterpillars on other plant species in postfire conditions, with similar results (unpublished data). Furthermore, some studies suggest the impossibility of replication treatments when it comes from natural phenomena occurring on a large scale, as in the case of burning [43] . Thus, the results of this study indicate that the recent accidental fire had the following effects on the external folivorous caterpillars: (a) killed eggs and larvae at first but had a positive effect on the relative abundance of caterpillars up to one year postfire, (b) increased the frequency of caterpillars associated with two Erythroxylum species in the cerrado, (c) did not affect the richness of caterpillars on these plants and (d) changed the caterpillar Psyche species composition because the effects of the fire promoted increases of rare or opportunistic species.
